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VENTILATION RATES OF A LAYING HEN HOUSE BASED ON
NEW VS. OLD HEAT AND MOISTURE PRODUCTION DATA
H. J. Chepete,  H. Xin
ABSTRACT. Heat and moisture production rates inside animal confinement provide the basis for design and operation of the
building ventilation system. This article describes ventilation rate (VR) requirement by a modern high−rise layer (Hy−Line
W−36 breed) house based on sensible heat and moisture production rates (SHP, MP) that were newly collected at the bird
level or room level – designated as the new data vs. those collected some years ago – designated as the old data. The effects
of bird stocking density on VR and balance temperature, tbal (outside temperature below which supplemental heat is needed
to maintain the target house temperature) were also examined. The VR values cover an outdoor air temperature range of
−25C to 20C (−13F to 68F) at 5C (9F) increments, an outdoor relative humidity (RHo) range of 20% to 70%, and indoor
RH (RHi) of 50%, 60%, 70%, or 80%. Use of the old room−level SHP and MP led to a 10% higher VR for temperature control
but a 18% lower VR for moisture control, as compared with use of the new data. Similarly, use of the old bird−level SHP and
MP led to a 5% higher and a 57% lower VR for temperature and moisture control, respectively. These outcomes arose from
the lower SHP but higher MP of modern layers and their housing systems. The results reaffirm the need to use updated
room−level SHP and MP in ventilation design and operation of production housing systems. A 31% reduction in cage stocking
density by increasing floor space from 355 to 465 cm2/hen (55 to 72 in.2/hen) would reduce VR for temperature control by
6% to 8% and elevate tbal by 1.0C to 2.4C (1.8F to 4.3F) for a target house temperature of 15C to 25C (59F to77F)
and RHi of 50%. The elevation in tbal can be compensated by temporarily raising RHi setpoint when copying with unusually
cold weather.
Keywords.Moisture control, Temperature control, Stocking density, Supplemental heat.
eat and moisture production rates (HP and MP)
from animals and their housing environment are
the foundation for engineering design of building
environmental  control system (ASAE Standards,
2000; ASHRAE Handbook, 2001; CIGR, 1992). The knowl-
edge of sensible HP (SHP) inside the building is needed for
the design of its heating, cooling, and ventilation capacity for
temperature control, whereas latent HP (LHP) or MP inside
the building is needed to size the minimum ventilation rate
(MVR) under cold climates (Xin et al., 1998; Albright, 1990).
Provision of adequate MVR is crucial for diluting aerial con-
taminants to keep them within acceptable limits for animal
production (Feddes and DeShazer, 1988; Xin et al., 1996).
Excessive ventilation not only elevates building heat loss and
thus demand for building heating capacity, but can increase
dust levels (Xin et al., 1996). Ventilation graph is generally
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used to depict ventilation rate (VR) as a function of outdoor
temperature while maintaining the desirable interior envi-
ronment, notably air temperature, humidity, and gaseous lev-
els (carbon dioxide and ammonia). Energy and mass balances
are used to determine such relationships (Albright, 1990;
Gates et al., 1996).
Most of the ventilation designs for poultry housing have
been based on HP and MP data that are 20 to 50 years old
(Chepete and Xin, 2002) due to lack of new data. Xin et al.
(1998) measured HP and MP of tom turkeys during a 5−week
brooding−growing period and used the MP data to estimate
MVR that was then compared with literature recommenda-
tion (MWPS, 1990). The authors found that the literature
MVR was 165% to 557% higher than their study result during
the first week and 20% to 49% higher during the remainder
of the brooding period. Data on HP and MP of modern pullets,
laying hens and their housing systems were recently
collected using large−scale indirect animal calorimeters that
were able to mimic commercial production settings, espe-
cially manure belt houses (Chepete et al., 2004; Chepete and
Xin, 2004). The results revealed considerable differences
between the new data and those in the literature. However,
the impact of employing the new HP and MP data versus the
relatively old literature data on ventilation needs has not been
examined for pullets or layers.
Cage layers in the United States have conventionally been
housed at a stocking density of 355 cm2/bird (55 in.2/bird).
Recently, animal welfare guidelines (United Egg Producers,
2000) have called for increasing cage floor space to as much
as 465 cm2/bird (72 in.2/bird) or a 31% increase. Implementa-
tion of this guideline, as has been the case with a number of
producers and companies, translates into a 31% reduction in
H
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the number of hens per house as compared with that under the
conventional stocking density. The effects of such reduction
on ventilation and heating requirements remain to be
investigated.
The objectives of this article are 1) to demonstrate the
effects of applying newly collected SHP and MP data versus
relatively old literature data to design of VR for modern
Hy−Line W−36 laying hens under the Midwestern U.S.
conditions; and 2) to examine the effects of reduced stocking
density on VR needs and particularly balance temperature
(tbal), defined as the outdoor temperature below which
supplemental  heat is needed to maintain the target indoor
temperature.
MATERIALS AND METHODS
DATA SOURCES, LAYER HOUSE, AND ENVIRONMENTAL
CONDITIONS
The SHP and MP data used in this case study included
those from a series of recent studies by Chepete et al. (2004)
with Hy−Line W−36 hens (table 1) at both bird level and
room level, designated as the new data; those reported by
Albright (1990) and currently adopted by the ASAE Stan-
dards for White leghorn hens at room level, and those
measured by Riskowski et al. (1978) at bird level, designated
as the old data. The term bird−level HP or MP refers to HP
or MP generated by the birds only; whereas room−level HP
or MP includes the contribution of both birds and their
surroundings, e.g., evaporation of feces that will result in
elevated MP at the expense of reduced SHP.
This case study considered a typical commercial high−rise
laying hen house (fig. 1) located in Iowa. Measuring 131.1 m
L × 14.6 m W × 2.3 m H (430 ft L × 48 ft W × 7.5 ft H) with
a flat ceiling, the house had a nominal holding capacity of
84,000 laying hens at the conventional stocking density. The
inside and outside of the sidewalls and ceiling were covered
with 20−gauge galvanized sheet metal. The sidewalls were
insulated with 15.2−cm (6−in.) fiberglass batt (R = 3.34 m2
K/W or 19 ft2  °Fh/Btu), while the ceiling was insulated
with 30.3−cm (12−in.) loose−fill cellulose (R = 7.0 m2 K/W
or 40 ft2  °Fh/Btu). The six walkways between cage rows
were made of 1.9−cm (0.75−in.) thick plywood (R = 0.16 m2
K/W or 0.9 ft2  °Fh/Btu). The five cage rows each had a
20.3−cm (8−in.) opening at the floor level, allowing manure
to be scraped into the storage (three to four times a day).
The environmental conditions for generation of the VR
graphs included outdoor temperature (to) of −25°C to 20°C
(−13°F to 68°F) at 5°C (9°F) increments; outdoor relative
humidity (RHo) of 50%; indoor temperature (ti) of 25°C
(77°F); and indoor RH (RHi) of 50%, 60%, 70%, or 80%.
Selection of the lower to limit was based on the 97.5% winter
design temperature of −21°C (−5.8°F) for Central Iowa
(Albright, 1990). All VR calculations were based on a bird
body mass of 1.5 kg (3.3 lb).
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ÓÓFigure 1. Schematic representation of the cross−section of a high−rise lay-
er house with negative pressure ventilation and continuous slot−ceiling in-
lets.
Table 1. Heat production rates and respiratory quotient (RQ) at bird or room level for W−36 pullets and layers kept in cageS, fed ad−lib and
watered from nipple drinkers during daily light, dark, and time−weighted average (TWA) periods (Chepete et al., 2004).[a]
Age
 LHP (W/kg)  SHP (W/kg)  THP (W/kg)  RQ (VCO2/VO2)
(d or M Ta Light  Dark  TWA Light  Dark  TWA
wk) (kg) (C)  Bird Room  Bird Room  Bird Room  Bird Room  Bird Room  Bird Room  Light Dark TWA  Light Dark TWA
1d 0.04 32.2 5.8 5.9 − − 5.8 5.9 1.6 1.5 − − 1.6 1.5 7.3 − 7.3 1.01 − 1.01
2d 0.04 32.2 6.1 6.8 − − 6.1 6.8 4.6 3.9 − − 4.6 3.9 10.7 − 10.7 1.00 − 1.00
4d 0.06 31.1 8.2 10.0 5.5 7.2 7.2 8.9 6.0 4.2 5.2 3.5 5.7 4.0 14.2 10.7 12.9 0.95 0.96 0.95
6d 0.06 31.1 10.3 11.1 5.3 7.7 8.4 9.8 5.9 5.1 6.2 3.9 6.0 4.6 16.2 11.5 14.4 1.03 0.97 1.01
8d 0.07 30.0 8.4 10.6 5.0 8.0 6.9 9.5 8.7 6.6 6.2 3.2 8.3 5.8 17.2 11.2 15.2 1.05 0.96 1.02
10d 0.07 28.9 7.8 9.7 4.1 7.2 6.4 8.8 9.6 7.7 7.3 4.2 8.8 6.4 17.4 11.4 15.2 1.00 0.97 0.96
14d 0.09 27.8 8.5 9.2 4.9 6.5 7.0 8.1 9.2 8.4 7.4 5.7 8.4 7.4 17.6 12.2 15.4 0.96 0.91 0.94
21d 0.18 25.6 6.9 8.1 5.1 6.8 6.0 7.4 9.9 8.7 6.3 4.6 8.1 6.6 16.7 11.4 14.1 0.95 0.90 0.93
28d 0.27 22.8 5.1 6.7 2.9 5.2 4.0 6.0 9.8 8.1 6.9 4.6 8.3 6.4 14.9 9.8 12.3 0.97 0.89 0.93
35d 0.35 21.1 4.7 5.7 2.8 4.1 3.7 4.9 7.7 6.7 5.6 4.3 6.6 5.5 12.4 8.4 10.4 0.99 0.99 0.99
10wk 0.81 21.1 2.4 3.3 1.7 2.5 2.1 2.9 7.0 6.2 4.7 3.9 5.9 5.1 9.4 6.4 7.9 0.97 0.90 0.94
21wk 1.40 24.4 2.8 3.0 1.9 2.3 2.4 2.7 4.6 4.4 3.7 3.2 4.2 3.9 7.4 5.6 6.5 0.85 0.90 0.88
37wk 1.48 24.4 3.2 3.6 2.1 2.8 2.8 3.3 4.6 4.1 3.4 2.7 4.2 3.7 7.8 5.5 7.0 0.95 0.99 0.96
64wk 1.53 24.4 3.0 3.3 1.9 2.8 2.8 3.1 4.4 4.0 3.7 2.7 4.0 3.6 7.3 5.6 6.7 0.87 0.89 0.88
[a] M = body mass, kg; Ta = ambient temperature, C; LHP = Latent Heat Production; SHP = Sensible Heat Production; THP = Total Heat Production;
THP = LHPbird + SHPbird = LHProom + SHProom; LHPbird or SHPbird = values obtained in chambers where oil was used to submerge feces.
LHProom or SHProom = values obtained in chambers where oil was not used to submerge feces.
Moisture Production, MP [g/(h−kg)] = LHP × 3600/2450.
Continuous lighting during the first 2 days.
Relative Humidity ranged from 35% to 50%.
°F = 1.8 × °C + 32; 1 kg = 2.2 lb; 1 W/kg = 0.6447 Btu/(h−lb).
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VENTILATION RATE FOR MOISTURE CONTROL
Minimum ventilation rate (MVR) for moisture control
( H2OV· ) was calculated as:
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Air density, ρ, based on To, was calculated as the inverse
of specific volume (v) of moist air, of the form (Albright,
1990),
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Humidity ratio (W) for indoor or outdoor air was
calculated as:
W = 0.62198 


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w
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P
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Partial vapor pressure (Pw) of the indoor or outdoor air was
calculated as:
Pw = RH × Pws (4)
The selected RHo ranged from 20% to 70% at 10%
increments.
Saturation vapor pressure of inlet or outlet air (Pws), a
function of dry−bulb temperature (t or T), was calculated as
(ASHRAE, 2001):
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For −100 ≤ t ≤ 0°C, the coefficients are:
C1 = −5.6745359 × 103, C2 = 6.3925247, C3= −9.677843 ×
10−3, C4 = 6.22157 × 10−7, C5= 2.0747825 × 10−9,
C6= −9.484024 × 10−13, C7 = 4.1635019
For 0 ≤ t ≤ 200°C, the coefficients are:
C1 = −5.8002206 × 103, C2 = 1.3914993, C3= −4.8640239 ×
10−2, C4= 4.1764768 × 10−5, C5= −1.4452093 × 10−8, C6 =
0.0, C7 = 6.5459673
For ease of practical reference, a look−up table of MVR
for moisture control under the selected environmental
conditions was developed using the new room−level MP for
W−36 laying hens.
VENTILATION RATE FOR TEMPERATURE CONTROL
Contributions of solar gain and heat from illumination
fluorescent lights were ignored in the calculation of VR for
temperature control due to ample insulation of layer
buildings in the Midwestern United States and low−wattage
lights involved. Only animal heat is available to warm the air,
as is typically the case. Hence, the general energy balance can
be expressed as following:
3600
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For this case study, perimeter factor (FP) was taken as zero
because of the high−rise nature of the house. Expanding ΣUA
term to include constituent components of the walls (UA)w,
ceiling (UA)c, and floor (UA)f, equation 6 becomes:
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The term tm is the temperature in the manure storage space
and it was found to be generally 5°C (9°F) lower than the
bird−level temperature (ti), i.e., (ti−tm) = 5°C (9°F) (Xin,
2002). Air density, ρ, was based on the outdoor air conditions
and was derived from equation 2.
BALANCE TEMPERATURE (tbal)
At balance temperature (tbal), VR curves for temperature
control and moisture control intersect, namely, H2OV
.
= tempV
.
.
Hence, combining equations 1 and 7 yields solution to tbal,
Y
X
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−= 6
p
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where
X  = SHP⋅M⋅N + (UA)f ⋅ (ti – tm)
Y  = (Wi − Wo) ⋅ [(UA)w + (UA)c]
RESULTS AND DISCUSSION
Table 2 lists MVR for moisture control under various
environmental  conditions with the new room−level MP data.
Figure 2 compares VR values based on the new room−level
SHP and MP versus the old room−level SHP and MP. Figure
3 compares VR values based on the new bird−level SHP and
MP versus the old bird−level data. Figure 4 illustrates the
effect of new room−level versus bird−level data on VR.
Ventilation graphs shown in figures 2−4 are for the conditions
of ti = 25°C (77°F), RHi and RHo = 50%, and full (100%)
stocking density. Finally, figure 5 depicts the effects of
stocking density, 100% (84,000 hens/house) versus 69% (57,
960 hens/house), on VR and tbal based on the new room−level
SHP and MP data.
VENTILATION RATE BASED ON NEW VS. OLD SHP AND MP
Ventilation Rate Based on Room−Level SHP and MP
Ventilation rate for temperature control ( tempV
.
) derived
with the old room−level SHP was 10% higher than tempV
.
derived with the new room−level SHP (fig. 2). The difference
resulted from the higher room−level SHP for the old data
[4.02 W/kg (6.17 Btu/h−lb)] than for the new data [3.70 W/kg
(5.68 Btu/h−lb)]. Ventilation rate for moisture control ( H2OV
. )
with the new room−level MP [4.85 g/h−kg (0.0049 lb/h−lb)]
was 22% higher than H2OV
.
 with the old room−level MP
[3.70 g/h−kg (0.0037 lb/h−lb)]. Hence, use of the old data
resulted in under−ventilation below tbal, about −3.5°C
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Table 2. Minimum ventilation rate [m3/(h1000hd)] for moisture control of 37−week−old W−36 layers based on moisture 
production rate of 4.85 g/(hkg) and bird body mass of 1.5 kg at various outside and inside environmental conditions.[a]
ti = 15C  ti = 20C  ti = 25C
to RHo RHi (%) RHi (%) RHi (%)
(C) (%) 50 60 70 80  50 60 70 80  50 60 70 80
−25 20 837 695 594 525 578 479 409 362 403 334 285 252
−20 861 714 609 538 593 491 419 370 413 342 292 257
−15 890 736 627 553 610 505 430 380 424 351 299 264
−10 925 762 648 571 630 520 443 390 436 360 307 270
−5 972 797 675 592 656 539 458 403 451 372 316 278
0 1038 843 710 621 689 564 477 418 469 385 326 287
5 1125 903 754 655 731 594 499 436 491 401 339 297
10 1255 989 815 703 789 634 529 459 520 422 354 309
−25 30 843 699 596 527 580 481 410 363 405 335 286 252
−20 871 720 614 542 597 494 421 372 415 344 293 258
−15 905 746 635 559 617 510 434 382 427 353 301 265
−10 952 780 661 581 642 529 449 395 442 364 310 272
−5 1017 827 696 609 676 553 467 410 460 378 320 281
0 1117 895 746 648 723 586 493 430 485 396 334 292
5 1260 988 812 699 786 629 524 455 516 418 350 305
10 1504 1137 914 774 881 692 569 489 559 447 372 322
−25 40 848 702 599 529 583 483 412 364 406 336 286 253
−20 880 727 618 545 601 497 424 374 417 345 294 259
−15 922 757 642 565 624 515 437 385 431 356 302 266
−10 980 799 674 591 655 537 455 399 448 368 312 275
−5 1066 859 719 626 697 567 478 418 470 385 325 285
0 1209 953 786 677 761 611 510 443 501 407 342 298
5 1432 1091 881 748 850 670 552 475 542 435 363 315
10 1876 1339 1039 860 997 761 615 522 603 475 391 337
−25 50 854 706 602 531 585 485 413 365 407 337 287 253
−20 890 733 623 549 606 500 426 375 419 347 295 260
−15 938 769 651 571 632 520 441 388 435 358 304 268
−10 1009 819 688 601 668 546 461 404 454 372 315 277
−5 1121 894 743 644 720 582 488 426 481 392 330 289
0 1317 1019 830 710 802 637 528 457 519 418 350 304
5 1659 1218 962 805 925 716 583 498 572 454 376 324
10 2496 1627 1205 970 1149 847 670 561 656 507 413 352
−25 60 860 710 605 533 588 486 414 366 408 338 288 254
−20 900 740 628 553 611 503 428 377 422 348 296 261
−15 956 780 659 578 640 525 445 391 438 361 306 269
−10 1041 839 703 612 682 555 468 409 460 377 318 279
−5 1181 932 769 663 744 598 499 434 491 399 335 292
0 1447 1095 880 745 849 666 548 471 538 431 359 311
5 1972 1379 1059 871 1015 768 617 522 605 475 390 335
10 3729 2074 1435 1111 1356 954 735 605 718 544 437 369
−25 70 865 714 608 535 591 488 416 367 410 339 288 254
−20 910 747 633 556 615 507 430 379 424 350 297 262
−15 974 792 667 584 648 531 449 394 442 363 308 270
−10 1074 861 718 623 696 564 474 414 467 381 322 282
−5 1248 973 797 684 771 615 511 443 503 406 340 296
0 1605 1183 936 785 901 698 569 487 559 444 368 318
5 2431 1589 1179 949 1124 829 656 550 643 497 405 346
10 7383 2863 1773 1300 1654 1093 815 658 795 586 464 388
[a] ti, to =inside and outside temperature, respectively. RHi, RHo =inside and outside relative humidity, respectively. Divide the table values (SI unit)
by 1.699 to obtain MVR in cfm (m3/ft) (IP unit) per 1000 hens. Moisture production (MP) used in the calculation of MVR was determined from
time−weighted average latent heat production (LHP) rate that included the contribution of moisture evaporation from feces: MP = LHP×3600/2450.
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Figure 2. Ventilation rates for temperature and moisture control (TC, MC) of a high−rise house with 84,000 37−week−old laying hens based on new
or old room−level SHP and MP data.
(25.7°F) in this case, and over−ventilation above tbal.
Under−ventilation would result in elevated RHi, compro-
mised air quality and an environment favorable for growth of
disease microorganisms such as coccidiosis. In contrast,
over−ventilation can result in dusty environment, causing
respiratory distress in birds.
The H2OV
.
 values at the selected inside and outside
conditions are listed in table 2 for practical reference.
Compared with generic VR recommended by sources such as
MWPS (1990), the tabulated values provide a more specific
VR guidance for the users under the given conditions. The
effect of adjusting RHi on H2OV
.
 can be noted from data
shown in table 2. For instance, increasing RHi from 50% to
60% reduced H2OV
.
 by 17% to 61% for the indoor and outdoor
temperatures examined. Similarly, increasing RHi from 60%
to 70% or from 70% to 80% reduced H2OV
.
 by 15% to 38%
or 12% to 27%, respectively. Xin et al. (1998) reported that
when RHi was increased from 50% to 60%, H2OV
.
 was
reduced by up to 50% to 60% for ti range of 21°C to 29°C, to
range of −23°C to 10°C and RHo range of 20% to 90% for
brooding−growing tom turkeys. Hence, temporary elevation
of RHi can substantially reduce the heating capacity need.
However, as cautioned by Xin et al. (1998), such a practice
should be implemented with care, as it may result in ammonia
buildup, excessive litter moisture, and hence increased
potential for microorganism growth in the house.
Ventilation Rate Based on Bird−Level SHP and MP
The tempV
.
 derived from the old bird−level SHP [4.40 W/
kg, 6.76 Btu/(h−lb)] was 5% higher than that derived from the
new bird−level SHP [4.20 W/kg, 6.45 Btu/(h−lb)] (fig. 3).
However, H2OV
.
 derived from the new bird−level MP
[4.11 g/(hkg), 0.0041 lb/(hlb)] was 134% higher than
H2OV
.
 derived from the old bird−level MP [1.76 g/(hkg),
0.0018 lb/(hlb)]. Once again, use of the old data in VR
determination  resulted in under−ventilation below tbal [about
−15°C (5°F) in this case] and over−ventilation above tbal.
Also, it can be noted from figure 3 that H2OV
.
 and tempV
.
curves intersected at 380 m3/(h1000hd) (234 cfm/1000hd)
for the new data; whereas the two VR curves for the old data
did not intersect for the to range considered due to the lower
bird−level MP and thus lower H2OV
.
.
Ventilation Rate Based on New Bird−Level vs. 
New Room−Level SHP and MP
As can be seen from figure 4, H2OV
.
 and tempV
.
 derived with
the bird−level MP and SHP were respectively lower and
higher than those derived with the room−level data. The
difference amounts to about 15%. To account for the effects
of moisture evaporation from feces and other sources,
room−level SHP and MP need to be used in ventilation
determination  for commercial production layer houses.
EFFECT OF STOCKING DENSITY ON VENTILATION RATE
(VR) AND BALANCE TEMPERATURE (tbal)
Reduction of stocking density from 100% (84,000 hens/
house) to 69% (57,960 hens/house) did not affect H2OV
.
 per
1000 hens. This result attributes to ventilation being the only
pathway through which moisture is exhausted to the outside.
As the number of hens decreases, so does MP. In comparison,
sensible heat is lost or gained through two pathways, i.e.,
building envelope and ventilation air. Hence as the number
of hens and magnitude of SHP inside the house decrease, the
relative portion of total building heat loss through building
envelope becomes greater. This change translates into a
840 APPLIED ENGINEERING IN AGRICULTURE
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Figure 3. Ventilation rates for temperature and moisture control (TC, MC) of a high−rise house with 84,000 37−week−old laying hens based on new
or old bird−level SHP and MP data.
reduced VR to achieve or maintain the same amount of total
heat loss or the target building temperature. The difference in
VR as shown in figure 5 amounts to a 6% to 8% decrease. The
reduced tempV
.
 results in somewhat elevated tbal. Specifically,
for RHi = 50% and ti = 15°C to 25°C (59°F to 77°F), reduction
of stocking density from 100% to 69% resulted in a 1.0°C to
2.4°C (1.8°F to 4.3°F) increase in tbal. Laying hen houses in
the Midwestern United States are typically not equipped with
supplemental  heat because SHP from the birds in combina-
tion with good insulation of the building envelope are
generally sufficient to maintain the desired building tempera-
tures. In fact the rather small magnitude of supplemental heat
need arising from the reduced stocking density would make
it a formidable practical challenge to distribute space heat in
such a large hen house. Fortunately, as previously described
and shown in figure 5, the elevated tbal can be effectively
compensated for by temporarily increasing the RHi setpoint
if/when the outside temperature falls below tbal. Note that
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Figure 4. Ventilation rates for temperature and moisture control (TC, MC) of a high−rise house with 84,000 37−week−old laying hens based on the new
room−level or bird−level SHP and MP data.
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Figure 5. Ventilation rates for temperature and moisture control (TC, MC) of a high−rise house with 100% or 69% stocking density of 37−week−old
laying hens based on the new room−level SHP and MP data.
the minimum ventilation discussed in this article was based
on moisture removal. Different standards for ammonia
concentration at the bird level may dictate higher minimum
ventilation rate (Xin et al., 1996).
CONCLUSIONS
Ventilation rate (VR) of a commercial laying hen house
was evaluated using newly collected sensible heat and
moisture production (SHP and MP) data and relatively old
literature data under environmental conditions that can be
encountered in the Midwestern United States. The effects of
reduced stocking density from 100% to 69% on ventilation
need and balance temperature (tbal) were investigated. The
following conclusions were drawn:
 VR derived with the old room−level SHP and MP was, re-
spectively, 10% higher and 18% lower for temperature
control and moisture control when compared to VR de-
rived with the new room−level data. Moreover, VR de-
rived with the old bird−level SHP and MP was,
respectively, 5% higher and 57% lower for temperature
and moisture control than VR derived with the new bird−
level data.
 Room−level SHP and MP should be used in determining
VR, as bird−level SHP tends to overestimate VR for tem-
perature control while bird−level MP tends to underesti-
mate VR for moisture control.
 Reducing cage stocking density of the hens from 100% to
69% resulted in a 6% to 8% decrease in VR for tempera-
ture control and a 1.0°C to 2.4°C (1.8°F to 4.3°F) increase
in tbal for RHi = 50% and ti = 15°C to 25°C (59°F to 77°F).
Raising RHi when unusually cold weather arises may
compensate for the elevated tbal.
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NOMENCLATURE
ρ = air density, kg/m3 (based on outside air 
temperature)
(UA)c = heat loss conductance from the ceiling, 
W/K
(UA)f = heat loss conductance from the floor, W/K
(UA)w = heat loss conductance from the walls, W/K
“i” or “o” = inside or outside
H2OV
.
 = ventilation rate for moisture control, 
m3/(h−1000hd)
tempV
.
 = ventilation rate for temperature control, 
m3/(h−1000hd)
A = surface area of building component, e.g., 
wall and ceiling, m2
Cp = specific heat of air, assumed to be 
1006 J/(kgK)
e = base of the natural logarithms, 2.7182818
F = perimeter heat loss factor, W/(m°C)
M = bird body mass, kg
MP = moisture production rate of room or bird, 
g/(kg−h)
MVR = minimum ventilation rate, m3/(kg−h)
N = total number of birds in the house
P = perimeter, m
Pa = barometric pressure of ambient air, kPa, 
assumed to be 101.325 kPa
Pw = partial vapor pressure of the inside or outside
air, kPa
Pws = saturation vapor pressure of the inlet or outlet
air, kPa
Ra = dry air gas constant, 287.055 J/(kgK)
RH = relative humidity, %
SHP = specific sensible heat production rate of room
or bird, W/kg
T = absolute dry bulb temperature, 
K = °C + 273.15
t = dry bulb temperature, °C
tbal = balance temperature, °C
tm = dry bulb temperature in the manure storage 
space, °C
U = thermal conductance of building component,
W/(m2  °C)
v = specific volume of moist air, m3/kg
Wi or Wo = humidity ratio of the inside (exhaust) or 
outside (fresh) air, kg H2O/kg dry air
